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Abstract— Pterocarpus erinaceus is over-exploited for its multiple uses. Its exploitation and trade are 
strictly prohibited in many countries, including Côte d'Ivoire, to prevent its extinction. It is nevertheless 
imperative to restore populations of this species, while accounting for its germinative capacities and its 
adaptation to changing climates. The aim of this study was to assess the seed germination and seedling 
development in Pterocarpus erinaceus in three different environments. A total of 2,160 seeds from different 
seed trees and 540 individuals germinated from seeds were selected and evaluated. The trials were conducted 
at three sites with distinct microclimates (two nurseries in Côte d'Ivoire and one greenhouse in France). The 
results showed that the environment had a significant influence on germination parameters (P < 0.05), 
whereas the seed trees did not (P > 0.05). The environment influenced the height and internodes length of 
the seedlings (P < 0.05). However, the diameter, number of leaves, and the length and width of the leaves of 
the seedlings were statistically identical from one site to another (P > 0.05). Seed trees influenced the number 
and length of seedlings leaves (P<0.05). PCA showed that the seedlings developed better in the Montpellier 
greenhouse and at the Daloa site than Korhogo site. This information could guide the choice of ideal 
environments for the implementation of reforestation or agroforestry programs based on Pterocarpus 
erinaceus in the current context of climate change from a nursery. This study could be extended to other 
species in order to regenerate important species in disturbed ecosystems. 


Keywords— Pterocarpus erinaceus, nurseries, greenhouse, environment, germination and seedling 
morphology, Côte d'Ivoire. 


I. INTRODUCTION 


managed on a sustainable basis in order to meet the social, 


Plant genetic resources, a component of biodiversity, the 
biological basis of the planet's environmental equilibrium, 
and a source of economic and ecological security for the 
future, provide the basis for sustainable development 
(Houndonougbo et al. 2020; Choat et al. 2012; United 
Nation 2002). Today, this biodiversity is threatened by 
overexploitation, yet the survival of all humanity depends 
on it. In 1992 in Rio de Janeiro, the United Nations adopted 
the following authoritative but not legally binding 
declaration: "Forest resources and woodlands should be 
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economic, ecological, cultural and spiritual needs of present 
and future generations". These needs relate to the products 
and services that the forest can provide such as wood and 
wood-based products, water, food, fodder, medicinal 
products, fuel, shelter, employment, recreation, wildlife 
habitat, a source of diversity in the landscape, the role of a 
carbon sink and reservoir, and many other products from the 
forest. Appropriate measures should be taken to protect 
forests from the damaging effects (Leroy 2015). 
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In Africa, forest degradation is intensifying because the 
principles of sustainable forest management are being 
ignored (Rabiou et al. 2015; Dipelet et al. 2019). Targeted 
and selective exploitation of certain important forest species 
severely threatens the forest ecosystems of many West 
African countries (Segla et al. 2016, 2020; Mbowa et al. 
2013). To respond effectively to the current environmental 
emergency, sustainable forest management must therefore 
become an integral part of farmers' usual agricultural 
practices. Regenerating the forest and/or reconciling forest 
with modern agriculture by associating important forest tree 
species (leguminous, food, fodder, and medicinal species) 
with crops is a choice and a major challenge that many 
African countries including Côte d'Ivoire want to take up 
(Reed + 2017). 


Generally, trees are markers of the identity of the rural 
populations that use them in West Africa (Mabetty 2018). 
Among these trees, Pterocapus erinaceus., Poir (1804) from 
Fabaceae family called veneer wood « bois de véne » or 
Senegal rosewood is a spontaneous, forest fire-resistant, 
nitrogen-fixing CITES species and is native to fragile semi- 
arid habitats (CITES 2016; Anonymous 2016; Dumenu 
2019). She originates from the Guinean-Sudanian and 
Sudano-Sahelian zones of West Africa and is highly 
overexploited for its multiple uses (quality timber, fodder, 
medicine, dyeing, soil restoration, etc.) (Ouedraogo et al. 
2006; Rabiou et al. 2019; Goba et al. 2019; Segla et al. 
2020). Indeed, recent years have been characterized by a 
spectacular increase in the trade of Pterocarpus erinaceus. 
This increase responds on the one hand to the growing 
demand for rosewood furniture in Asia, and on the other 
hand to the increasing scarcity of other species officially 
recognized as "rosewood" (several are listed in the CITES 
Appendices). It is estimated that exports of Pterocarpus 
erinaceus as logs to China increased by a factor of 2,000 
between the third quarter of 2009 and the third quarter of 
2015, from 70 m? to over 149,000 m? (Cop 17 2016). 
Widespread illegal and unsustainable exploitation of the 
species within its range has led many States of West Africa 
(i.e. Burkina Faso, Benin, Togo, Niger, Côte d'Ivoire) to 
enact total bans on harvesting and trade in the species in 
recent years, with the aim of preventing its extinction. 


In Céte d'Ivoire, the exploitation of Pterocarpus erinaceus 
is prohibited by decree n° 2013-508 of 25 July 2013 
(MINEF 2013). Despite these measures, its trade continues 
to grow steadily so that Pterocarpus erinaceus stands are 
almost non-existent in Côte d'Ivoire today. Given the 
importance of this species and faced with this problem, 
which could lead to a loss of diversity that could lead to its 
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extinction in Côte d'Ivoire, there is an urgent need to 
develop strategies for the rapid regeneration of this species. 


Among several rapid regeneration solutions, domestication 
through germination tests has proved to be very effective in 
saving pioneer species that are threatened or overexploited 
in many countries (Amani et al. 2015; Douma et al. 2019; 
Adji et al. 2020). However, in the current context of climate 
change for the domestication of Pterocarpus erinaceus, 
several questions arise: (i) could the ever-changing 
environment have an effect on seed germination? (ii) are the 
dendrometric characteristics of the seed tree (ideal choice of 
seed trees) necessary to obtain a good germination rate? (iii) 
is the choice of vigorous seedlings resistant to climatic 
stress necessary? (iv) do seedlings of this species adapt to 
different types of environment? (v) is seedling development 
influenced by the type of seed tree? (vi) could the 
germination or morphology parameters of the seedlings 
guide the choice of an environment conducive to the 
implementation of a forest or agroforestry management 
programme? etc. This study was carried out with the aim of 
trying to answer all these questions. The objective is to 
evaluate the germination of seeds and the development of 
Pterocarpus erinaceus seedlings in a changing 
environment. 


II. MATERIAL AND METHODS 
2.1. Plant material 


The plant material is composed of seeds obtained after 
shelling of mature fruits, from six seed trees growing more 
than 300 m apart in the same stand of Pterocarpus erinaceus 
and four-months old seedlings resulting from the 
germination of seeds collected under the six seed trees. All 
the seeds were collected from trees in good physiological 
condition in April 2019 at the experimental station (DeFo) 
of the CNRA (Centre National de Recherche Agronomique) 
in the Korhogo department of Côte d'Ivoire. The 
characteristics of the seed trees are listed in Table 1. The 
plant material used is the property of the CNRA of Côte 
d'Ivoire and the authorisation to use this plant material was 
given to us in the framework of this study via a partnership 
agreement signed and available on request between the said 
structure and our study project (EFISA). The formal 
identification of the species was undertaken by Poir in 1804 
(Encycl.5 728.1804) (Anonymous 2019). A specimen of 
this material exists in the public herbarium (N°UCJ010935) 
of the CSRS (Centre Suisse de Recherches Scientifiques) in 
Côte d'Ivoire (Bakayoko et al. 2020) and the CNF (Centre 
National de Floristique) in Côte d'Ivoire (Koffi et al. 2018). 


Table 1 Characteristics of Pterocarpus erinaceus seed trees and seeds used 
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Seed DBH H Age GPS coordinates Number Seed mass (g) 

trees (cm) (m) (year) Longitude Latitude of seeds Mini Maxi Mean 
1 24.36 15 23 -5.55112W 9.5681 N 360 0.02 0.1 0.07 + 0.01 a 
2 32.32 18.5 26 -5.55119W 9.56797 N 360 0.06 0.1 0.08 + 0.01 a 
3 31.05 18 26 -5.55134W 9.56779 N 360 0.04 0.08 0.07 + 0.01 a 
4 26.11 15.5 22 -5.55122W 9.56785 N 360 0.04 0.1 0.07 0.01 a 
5 29.78 16.5 25 -5.55132 W 9.56781 N 360 0.05 0.1 0.07 0.01 a 
6 23.88 16.5 25 -5.55131 W 9.56808 N 360 0.02 0.1 0.07 0.02 a 

Pr >F 0.851 





DBH = Diameter at chest height in centimetres; H = Height in metres; W = West; N = North; Mini = Minimum in grams; 


Maxi = Maximum in grams 


2.2. Methods 


2.2.1. Study sites 


The trials were implemented April to September 2019 in 
three sites, two in Côte d'Ivoire and one in France with 
different microclimates. Of the two sites in Côte d'Ivoire, 
one was at the CNRA forest experimental station (hereafter 
DeFo) in Korhogo, and the other at the Université Jean 


Lorougnon Guédé (hereafter UJLoG), in Daloa. The trial in 
France took place in a controlled environment, in 
Greenhouse 8 at CIRAD (The French agricultural research 
and international cooperation organization working for the 
sustainable development of tropical and Mediterranean 
regions) in Montpellier. The characteristics of the study 
sites are listed in Table 2. 


Table 2 Geographical location and characteristics of study sites (Guillaumet and Adjanohoun 1971; Perraud 1971; Loupe 
and Ouattara 1996; Bornand et al. 1999; FAO 2005; Goula et al. 2007; Soro 2011; Djaha et al. 2012; Millan 2016; Barry et 
al. 2018; AISA 2019; Anonymous 2019; Hérault et al. 2020). 














Study sites Coordinates Vegetation Climate Temperature Rainfall Soil type 
2 (mm/year) 
Bioclimates 
Ferruginous (90%) and 
Korhogo 9°570°80556’°N Clear forest Tropical Ferralitic (10%) 
superficial gravelly soil, 
(DeFo) 5054288889 Wy (wooded dry 06.6-35.7°C 817-1216 P 4 : | ss 
and grassy eep gravel with a 
savannah) heavy texture, low in 
organic matter, highly 
desaturated. 
Dense rain Wet Ferralitic, deep, acidic 
Daloa 6° 909°6363°°N forest tropical 21-34°C 1000 - 1900 and desaturated in 
(UJLoG) 6°438°1157°W (sub- exchangeable bases, 
equatorial) rich in organic matter 
Mixture of Substrate 
Montpellier in the in the 24°C (night) 10cm?per Soil 1, Neuhaus N2 Bio, 
(Greenhous 43°64981°N greenhouse  greenhous : week for Tref Rice CIRAD 2 and 
extra-silica sand from 
€) each pot 
3°86842°W 32 °C (day) bio 





W = West; N = North; °C = degrees Celsius; mm = millimetre; Substrate 1 = Iron, trace elements, perlite and coconut fibre; 
Neuhaus N2 Bio = vegetable co-composting, blond and black peat; Tref Rice CIRAD 2 = clay, volcanic sand, perlite no. 2, 


coconut, Irish white peat and fine blond peat 


2.2.2. Setting up the tests 
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Mature fruits were harvested in April and May 2019 on the 
seed trees using long wooden sticks with forks attached or 
by knocking the top of the tree with stones. The mature fruit 
collected under each seed tree was husked by hand to 
remove the thorny shells from the seeds. The seeds were 
then divided into three batches. Each batch contained seeds 
from all six seed trees (seed trees), i.e. 120 healthy seeds 
were selected per seed tree and per study site after sorting 
all the seeds collected (120 seeds x 6 seed trees x 3 test sites 
giving a total of 2,160 seeds of Pterocarpus erinaceus). 


2.2.3. Test preparation and apparatus 
Site 1 and 2: Korhogo and Daloa Nursery 


Polyethylene black bags with drainage holes measuring 20 
x 10 cm were filled with local soil and arranged in one block 
comprising six sub-blocks. Each sub-block was labelled 
with the seed tree's serial number and geographic 
coordinates and contained seeds harvested on and under one 
seed tree. Each sub-block contained 60 bags of soil prepared 
to receive two seeds each. The seeds from each seed tree 
were soaked in water for 12 hours to break seed dormancy 
and then sowed directly at a depth of approximately 2 cm in 
the bags at a rate of two seeds per bag. Before planting, the 
seeds were treated with granulated FURADAN to control 
rodents and after seedling emergence, the pre-leaves were 
treated with DECIS to limit insects’ attacks. Nursery 
maintenance consisted of daily watering and manual 
weeding. 


Site 3: Greenhouse at CIRAD, Montpellier 


Polyester black pots with drainage holes measuring 30 x 15 
cm were filled with a mixture of potting compost as 
specified above (Table 2). The pots were arranged in 
labelled blocks and sub-blocks in metal bins arranged in the 
same way as in Korhogo and Daloa. The seeds were sown 
in the same way as those from the other two sites in Céte 
d'Ivoire. Biological protection consisted of treatment with 
BIOBEST against greenhouse whiteflies. The pots were 
watered daily (10 cm? per week). all the pots occupied an 
area of about 12 m°. 


2.2.4. Data Collection 
Germination parameters 
Five parameters were evaluated: 


- Latency time, i.e. the time it takes for the first seed to 
germinate from the sowing of all the seeds (Amani et al. 
2015); 


- Germination delay refers to the period between the sowing 
of each seed and the appearance of each seedling (N'golo et 
al. 2018); 
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- Germination speed, i.e. the average time after which 50% 
of the seeds have germinated (Berka and Abdelkader 2001; 
Diatta et al. 2009; Douma et al. 2019); 


- Germination duration or Spread time, i.e. is the period 
between germination of the first seed and the last seed (Adji 
et al. 2020); 


- Germination rate, i.e. the number of seeds sprouted 
divided by the number of total seeds sprouted, expressed as 
a percentage (Zerbo et al. 2010; Gorgon et al. 2015; Akaffou 
et al. 2019). 


Development parameters 
Six parameters were evaluated (Adji et al. 2020): 


- Seedling height (SH), i.e. the length between the collar and 
the apex of the seedling; 


- Diameter at the collar of seedling (Deol), i.e. the base 
thickness of the main stem of the seedling; 


- Number of leaves (LN°) corresponds to the number of 
leaves on the main stem of the seedling; 


-Leaf length (LL) corresponds to the length from the 
beginning of the petiole to the end of the main vein of the 
leaf blade of each leaf present on the main stem of the 
seedling; 


-Leaf width (LW) corresponds to the width of the leaf blade 
or to the line perpendicular to the main vein in the centre of 
the leaf blade; 


- Length of the internodes (LIN), i.e. the length connecting 
two nodes or the length of two points of successive 
insertions of organs or leaf scars, from the base to the apex 
of the seedling. 


All morphological parameters were measured using a ruler 
graduated in centimeters and an electronic caliper in 
millimeters. 


2.2.5. Data analysis 


Statistical analyses were first performed using one- 
dimensional descriptive statistics, link analysis (linear 
regression, covariance) and 
multidimensional analysis (principal component analysis, 
PCA) with XLSTAT 2020 version 7.5. The difference 
between the germination and development parameters was 
assessed using a two-factor multivariate analysis 
(MANOVA) with SAS software version 9.4. The Student- 
Newman-Keuls test at the 5% threshold was used for post- 


correlation and 


hoc comparisons. 


MI. RESULTS 


Pterocarpus erinaceus is epigerminated with a hypocotyl 
remaining in the soil, the epicotyl is on average 8.74 cm 
long and 1.8 mm in diameter at the base (at an of average 9 
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days after sowing). The pre-leaves (at an average 10 days 
after sowing) have a long petiole in the same direction as 
the stem with two (2) stipules each at the base of the leaf 
sheath. The cotyledonary leaves remain visible for an 
average of 58 days. The phyllotaxis is alternate spiral with 
simple leaves with stipules until an average of 84 days, after 
which the seedling develops compound- imparipinnate and 
then compound-paripinnate leaves later (100 days on 
average). Branching appears on a few seedlings after the 
appearance of compound leaves (average 118 days). 


3.1. Germination and development parameters by each 











3.1.1. Germination parameters 
Site 1: Korhogo 


At the Korhogo site, the shortest germination latency was 
three days and was obtained with the seeds of seed trees 3, 
5 and 6 (Fig la). The shortest germination delay ranged 
from four to 13 days to 6.17 + 2.249 days, they were 
recorded in the seeds of seed tree 1 (Fig la). The seeds of 
seed trees 1 and 3 showed the fastest speed after nine days 
(Fig la). The shortest germination time was observed in the 
seeds of seed trees 1 and 2 with a duration of nine days (Fig 
la). The seeds of seed tree 6 had the highest germination 





study site rate with a rate of 86.66% (Fig 1b). 
2 16 90 
5 v 
E 12 E70 
| 
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5 8 50 
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a 


Germination rate per seed 
of each seeder 


b 


Kor-Ptr1=Seeds from seed tree 1, Kor-Ptr2=Seeds from seed tree 2, Kor-Ptr3=Seeds from seed tree 3, Kor-Ptr4=Seeds 
from seed tree 4, Kor-Ptr5=Seeds from seed tree 5, Kor-Ptr6=Seeds from seed tree 6 


Fig 1. Distribution of seed germination parameters (a: Waiting time, germination delay, germination speed and germination 


duration; b: germination rate) of the six seed trees in Korhogo nursery 


Site 2: Daloa 


At Daloa site, the seeds of seed trees 1, 5 and 6 were 
characterized by short latencies, i.e., a period of three days 
(Fig 2a). The germination delays of the seeds of seed tree 1 
were minimal ranging, from three to 12 days with an 
average of 6.357 + 1.985 days (Fig 2a). The seeds of seed 
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trees | and 2 had the highest germination rate after six days 
(Fig 2a). The range of germination was smaller in the seeds 
of seed trees 2, 4 and 5 at 7 days (Fig 2a. Seeds of seed tree 
5 had the highest germination rate at 96.66% (Fig 2b). 
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Fig 2. Distribution of seed germination parameters (a: Waiting time, germination delay, germination speed and germination 
duration; b: germination rate) of the six seed trees in Daloa nursery 


Site 3: Montpellier greenhouse 


In the CIRAD greenhouse (controlled environment), the 2 (Fig 3a). The seeds of seed tree 2 were also the fastest after 
shortest germination latency was seven days and was 14 days. The shortest germination duration (six days) was 
obtained with the seeds from seed trees 2, 5 and 6 (Fig 3a). observed in the seeds of seed tree | with a duration of six 
The shortest germination delay ranged from seven to 14 days (Fig 3a). The seeds of seed tree 6 had the highest 
days, average 9.33 + 2.658 days, with the seeds of seed tree germination rate with a rate of 56.66% (Fig 3b). 
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Mont-Ptr1=Seeds from seed tree 1, Mont-Ptr2=Seeds from seed tree 2, Mont-Ptr3=Seeds from seed tree 3, Mont- 
Mont=Seeds from seed tree 4, Mont-Ptr5=Seeds from seed tree 5, Mont-Ptr6=Seeds from seed tree 6 


Fig 3. Distribution of seed germination parameters (a: Waiting time, germination delay, germination speed and germination 
duration; b: germination rate) of six seed trees in Montpellier greenhouse 
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3.1.2. Development parameters 


Comparison of morphological characteristics of the 
seedlings from each seed tree in Korhogo site (Table 3) 
showed that all the seedlings from all the seed trees 
combined had identical collar diameters (P > 0.05). In 
contrast, the height, number of leaves, length of leaves, 
width of leaves and length of internodes all differed 
significantly (P<0.05). 


At the Daloa site, comparison of morphological 
characteristics of seedlings from seed trees (Table 3) 
showed statistically significant variability of variables 
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among the seed trees’ seedlings. Height, number of leaves, 
the length and width of seedling leaves (P < 0.05). The 
variables collar diameter and internode length were 
statistically identical from one seedling to another (P > 
0.05). 


Comparison of morphological characteristics of the 
seedlings from each seed tree in Montpellier greenhouse 
(Table 3) showed that all the morphological characteristics 
of seedlings grown from each seed tree and observed in the 
Montpellier site differed from each other (P < 0.05). 


Table 3 Comparison of morphological characteristics of seedlings according to the seed trees used per study site 




































































Sites Seed trees SH (cm) Deol (mm) N°L LL (cm) LW (cm) LIN (cm) 
Seed tree-1 11.34+1.24 ab 1.9840.21a  5.6+0.44b  5.87+0.34a = 5.7440.61 a  1.61+0.51 b 
Seed tree-2 9.7+1.36 b 2.04+0.51 a  6.31+0.41 ab  6.21+0.56a  6.0240.31a 2.0640.14a 
7 Seed tree-3  12.6+0.74ab  2.0640.34a  7.54#0.53a 5.3740.47 ab  5.240.22ab  2.41+0.16 a 
z Seed tree-4 15.74+1.51a  2.6240.42a 6.31+0.53ab 5.64+0.47 ab 5.08+0.34 ab 1.86+0.23 b 
© 
x Seed tree-5 12.63+1.47 ab 2.31+0.13a 7.51+40.62a 4.62+0.53b 4.12+0.25b  2.19+0.24 a 
Seed tree-6  10.63+1.71b  2.5840.26a 5.140.33b 4.2340.72b 3.840.62b 1.57+0.06 b 
Pr >F 0.0001 0.652 0.001 0.0071 0.0311 0.0114 
Seed tree-1 16.38+1.21 ab = 2.0540.25a 5.440.71b  4.7+0.17 ab 3.98+0.22b  2.8+0.10 a 
Seed tree-2 14.12+1.11 ab 2.64+0.23a 7.6+0.62ab 5.80.27 a 5.1+0.41 a 3.840.13 a 
Seed tree-3  13.5+1.53 b 2.6740.32a 7.58+0.42 ab 5.56+0.31a 4.54+0.42 ab 3.240.21 a 
È Seed tree-4 14.57+1.41 ab 2.33+0.22a 5.65+0.34b 4.7840.32 ab 3.68+0.34b  2.4+0.11 a 
= Seed tree-5  18.29+0.84a  2.7140.14a  8.5440.36a 5.6240.12a 5.5540.61a 3.74051 a 
Seed tree-6 16.62+1.35 ab  2.63+0.34a 7.21+0.44 ab  3.8+0.51 b 3.940.31 b 340.21 a 
Pr>F 0.041 0.812 0.011 0.0221 0.001 0.921 
> Seed tree-1 14.65+1.22b = 2.9540.36.a  6.7+0.39 ab -5.2440.52a  5.8+0.34a  3.140.41 ab 
a 
3 Seed tree-2  16.07+1.34 ab 1.55+0.43b  7.6+0.53 ab 4.7940.34 ab 4.340.41 ab  3.61+0.16 ab 
F Seed tree-3  18.7+1.52 a 2.6140.34a 7.4+0.47ab 5.80.22 a 5.740.16a  4.31+0.31 ab 
z Seed tree-4 16.77+1.37 ab 2.31+0.12a 5.9740.63b 4.3140.34ab 3.5+40.24b  2.34+0.25 b 
à Seed tree-5 16.42+1.43 ab 2.9240.15a  8.3+0.46a 4.5340.51 ab 4.36+0.21 ab 3.42+0.17 ab 
È Seed tree-6  15.2+1.65 ab  2.8740.12a 6.96+0.26ab 3.97+0.13b 3.82+0.34b  5.08+0.37 a 
S Pr >F 0.001 0.04991 0.0001 0.001 0.001 0.0001 





For each character, values with the same letters are not statistically different at the 5% threshold. 


SH: seedling height; Deol: Diameter at the collar of the seedlings; N° L: Number of leaves; LL: Leaf length; LW: Leaf 
Width; LIN: Length of the internodes; cm: centimetres; mm: millimetres. 


3.2. Global influence of study sites and seed trees on 
seed germination and seedling development in 
Pterocarpus erinaceus 

3.2.1. Influence on seeds germination 
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Figure 4 is an overview of all germination parameters 
observed at the three study sites. She indicates that the 
highest germination rate was measured at the Daloa site. 
However, the highest values for the four other parameters 
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(waiting time, germination delay, germination speed and 
germination spread time) were recorded in Montpellier 
greenhouse. 


Global values of germination parameters 


on the 3 study sites 


20 
18 


= =. ee 
Oo D FO 


oN FO 0 


11.53 


6.83 
Ii Jri 


19.00 


11.00 


10.1 
8.17 


waiting time germination germination germination 


delay 


speed 


duration 


Germination parameters on each study site 


= Daloa 


Korhogo 


= Montpellier (greenhouse) 


Germination percentage on 3 study sites 
> 


87.22 


70.41 


International Journal of Environment, Agriculture and Biotechnology, 6(3)-2021 


Germination rates per study site 


b 


Fig 4. Global distribution of each germination parameter (a: Waiting time, germination delay, germination speed and 


germination duration; b: germination rate) for the all study sites. 


According to Table 4, all germination parameters differed 
statistically (P < 0.05) from site to site, except for 
germination spread, which is identical from site to site 
(P>0.05). The analysis of variance (Table 4) of germination 


parameters according to the types of seed trees used showed 
that all observed variables were statistically identical from 
one seed tree to another (P > 0.05) for all three sites. 


Table 4 Comparison of germination parameters according to the bioclimates and seed trees used 






































Sites or waiting time germination germination germination germination 
bioclimates/Seed delay speed duration rate 
trees 
Korhogo 3.50+0.22b 8.59+0.58b 10.50+0.76b 10.17+0.48a 70.41 3.70 b 
Daloa 3.83 +0.40b 7.16 0.29 þ 6.83 + 0.40 c 8.17 + 0.47 a 87.22 + 2.34 a 
Montpellier 
(Greenhouse) 8+0.52a 11.53+08la 19+1.86a 11+148a  56.33+3.36c 
Pr>F 0.0001 0.0004 0.001 0.1251 0.0001 
Seed tree-1 5.674218 a 918+291a 1367+623a 11.33+233a 65.55 + 12.37 a 
Seed tree-2 5+la 8.19+0.89 a 10+2.31a 7.67+0.66a  66.66+9.62a 
Seed tree-3 5.33 +1.45a 963+123a 13.33 + 4.84 a 11 +2.08 a 67.77 + 10.59 a 
Seed tree-4 61.53a 9.47 +0.94a 1233+296a 8.67+0.88a 71.99 +8.87 a 
Seed tree-5 433+133a 852+40.74a 1142.65a 10+0.58 a 78.44 + 10.05 a 
Seed tree-6 433+133a 957+150a 12.3343.28a 10+1.15a 77.50 + 3.82 a 
Pr>F 0.9534 0.9762 0.9843 0.5011 0.8784 





Table 5 shows a strong positive correlation 


between first germination and germination delay and then 
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germination speed at all three study sites: 
germination delay and germination 


For each character, values with the same letters are not statistically different at the 5% threshold. 


between 
speed and then 
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germination duration and between germination speed and correlation between germination rate and waiting time, 
germination time. However, this matrix indicated a negative germination delay and germination speed. 


Table 5 Total correlation matrix (Pearson) between germination parameters 























Waiting time Germination Germination Germination Germination 
Variables delay speed duration rate 
Waiting time 1 
Germination delay 0.796 1 
Germination speed 0.870 0.943 1 
Germination duration 0.396 0.733 0.746 1 
Germination rate -0.720 -0.609 -0.747 -0.393 1 
Values in bold are different from 0 at significance level alpha=0.05 
3.2.2. Influence on seedling development Analysis of variance of the seedlings from one seed tree to 
The results (Table 6) showed that only the heights and another at all three sites (Table 6) indicated that only the 


lengths of the internodes differed from one bioclimate to number of seedling leaves and leaf length differed 


another (P < 0.05). The collar diameter, number of leaves, 


the length and width of the leaves were the same from one 
bioclimate to another (P > 0.05). lengths of seedlings were all statistically identical from one 


seedling to another (P > 0.05). 


significantly in seedlings from one seed tree to another (P < 
0.05). Height, diameter, leaf width and successive internode 


Table 6 Comparison of morphological parameters according to the bioclimates and seed trees used 






































Sites or SH (cm) Deol (mm) N°L LL (cm) LW (cm) LIN (cm) 
bioclimates/Seed 
trees 

Daloa 15.58+0.74 a 2.50+0.11 6.99+0.49 5.04+0.31 4.46+0.30 3.15+0.22 
a a a a a 

Korhogo 12.11+0.86b  2.26+0.12 6.39+0.40 5.32+0.31 4.99+0.36 1.95+0.14 
a a a a b 

Montpellier 

(Greenhouse) 16.304+0.58a 2.5340.22 7.154033  4.7740.27 4.5840.39  3.64140.39 

a a a a a 
Pr>F 0.0024 0.4292 0.4168 0.4455 0.5456 0.0014 

Seed tree-1 14.1241.48 a  2.33+0.31 5.90+0.40 5.27+0.34 5.17+0.59 2.50+0.45 
a b ab a a 

Seed tree-2 13.29+1.88 a 2.08+0.31 7.17+40.43 5.60+0.42 5.14+0.49 3.16+0.55 
a ab a a a 

Seed tree-3 14.93+1.90 a  2.45+0.19 7.51+0.05 5.58+0.12 5.15+0.34 3.31+0.55 
a ab a a a 

Seed tree-4 15.69+0.64 a 2.42+0.10 5.98+0.19 4.91+0.39 4.09+0.49 2.20+0.17 
a b ab a a 

Seed tree-5 15.78+1.66a  2.65+0.18 8.12+0.31 4.92+0.35 4.68+0.44 3.10+0.46 
a a ab a a 

Seed tree-6 14.15+1.81 a 2.69+0.09 6.42+0.66 40.13 b 3.84+0.03 3.22+1.02 
a b a a 

Pr>F 0.8629 0.4272 0.0094 0.0335 0.1900 0.7129 
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For each character, values with the same letters are not statistically different at the 5% threshold. 


SH: seedling height; Deol: Diameter at the collar of the seedlings; N°L: Number of leaves; LL: Leaf length; LW: Leaf 
Width; LIN: Length of the internodes; cm: centimetres; mm: millimetres. 


Figure 5 shows the projection of bioclimates and 
morphological parameters for all seedlings on PCA 1-2 
(biplot). Analysis of the matrix of factor weights showed 
that two components explained 100% of the variability and 
are therefore highly relevant in explaining the total variation 
between the morphological characteristics of the seedlings 
and the bioclimates. Plan 1-2 s characterized by eigenvalues 
of 95.40% for axis F1 and 4.60% for axis F2. The different 


descriptors contributing to the formation of the first 


component (F1) and the second component (F2) revealed 
two groups. The first group consisted of the Montpellier 
(greenhouse) and the Daloa site characterized by higher 
heights, collar diameters, numbers of leaves and internode 
lengths of the seedlings than at the Korhogo site. The second 
group consisted of the Korhogo site, 
characterized by seedlings with longer and wider leaves 
than those at the Daloa site and the Montpellier greenhouse. 


which was 
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SH: seedling height; Deol: Diameter at the collar of the seedlings; N°L: Number of leaves; LL: Leaf length; LW: Leaf 
Width; LIN: Length of internodes; cm: centimetres; mm: millimetres. 


Fig 5. Projection of bioclimates and morphological parameters observed in PCA Plan 1-2 as a function of axis type 


IV. DISCUSSION 
4.1. Germination parameters 


The germination of Pterocarpus erinaceus is epigeal 
generally. Our results confirm those of Adou et al., in 2013 
and N'golo et al., in 2018, who all found the same type of 
germination. At germination, the leaves are simple with 
alternating spiral phyllotaxis and it is over time that 
compound leaves appear. This is due to the fact that in the 
very young stage, the seedling depends on the reserve 
(starch) contained in the embryo (seed) which only serves 
to emit simple pre-leaves with long petioles. These pre- 
leaves take over via photosynthetic activity following the 
disappearance of the embryo and the cotyledonary leaves. 
The seedling thus becomes independent and expresses its 
normal organogenesis by producing compound leaves (after 
84 days and at 100 days on average). In fact, the cost of 
building its authentic development is high and therefore 
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requires progressive adaptation. The seeds were shelled in 
our study because of pericardial dormancy. Indeed, studies 
by Lauries in 1974, Rajendrudu and Naidu in 2001, Adou et 
al in 2013, Ameri et al in 2017 and N'golo et al in 2018 
respectively on Pterocarpus angolensis, Pterocarpus 
santalinus, Pterocarpus erinaceus, Faidherbia albida and 
Pterocarpus erinaceus showed that the pericarp has a 


negative effect on germination rate and germination speed. 


Our results showed overall that the seeds germination 
performances in Montpellier were poor; this is due to poor 
seed storage (long storage at an average temperature of 28 
°C). In fact, the seeds were harvested in April, the peeled 
seeds were stored at room temperature (25 °C night and 32 
°C day) for one and a half months until their shipment in 
Montpellier in mid-June. As the seeds were not stored at a 
low temperature, we think that the heat had a negative effect 
on the germination capacity of the seeds like in the study of 
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Pterocarpus erinaceus seeds by N'golo et al., in 2018 in the 
Haut Bandama reserve in Côte d'Ivoire and in the study of 
Faiherbia albida seeds by Ameri et al. (2017). However, 
good performances were recorded in Daloa probably due to 
the humid tropical climate that favoured the harmonious 
development of forest species and the relatively rich soil. 
Indeed, several studies have demonstrated the effect of 
climate and soil poverty on the germination of certain 
species (Giordano 1972; Soloviev et al. 2004; Dianda et al. 
2009; Sambe et al. 2010). In addition, the seeds were sown 
immediately after harvesting and shelling at the Korhogo 
and Daloa sites, which explains the short germination 
latency times observed at these two sites; moreover, Daloa 
is a transition zone between forest and savannah, both 
savannah and forest species are found there, and all crops 
that depend on the savannah and forest zones develop there 
without exception. Korhogo follows just after Daloa in 
terms of recorded performances, indeed Korhogo is part of 
the distribution area of Pterocarpus erinaceus (Adjonou et 
al. 2010; Ouedraogo et al., 2006; Kossi et al., 2015; 
Anonymous 2016). In the same distribution area (in Niger), 
Amani et al. (2015) reported high germination rates ranging 
from 70 to 100% in four species of Combretaceae with 
germination duration of 9 to 18 days. In spite of the absence 
of pre-treatment of the seeds, the results were satisfactory, 
in contrast to those of Adou et al. (2013), who reported a 
germination rate of 29%, a latency time of four days and a 
germination duration of 11 days. In the study by N'golo et 
al. (2018), the seeds were pre-treated, and the maximum 
germination rate was 68.5% with a maximum delay of days 
and a maximum germination speed of 11.42 days. Ameri et 
al. (2017) obtained a low germination rate (27%) with non- 
pre-treated seeds of Faidherbia albida; whereas Ahoton et 
al., in 2009 and Amonum et al., in 2016 obtained a high 
germination rate with treated seeds of Parkia biglobosa. 


Analysis of variance indicated that there was no significant 
difference between germination parameters according to the 
seed trees, however germination was expressed differently 
from one site to another except for the germination spread 
parameter which was statistically identical regardless of the 
study site. This is because although the composition and 
variability of seeds were practically the same (size and 
mass) from one seed tree to another, the environmental 
conditions (climate and soil type) were influenced 
germination. this is the case for many study (Assogbadjo et 
al., 2005, 2006; Dianda et al., 2009; Sambe et al., 2010). 
Indeed, the plant adapts to the conditions imposed by the 
microclimate (environment of location). 


The correlation matrix showed that the germination rate is 
negatively correlated with all other germination parameters. 
This means that the higher the germination rate, the lower 
the germination latency time, the shorter the germination 
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delay, the faster the speed (fewer days) and the shorter the 
germination spread. 


4.2. Development parameters 


Generally high values were recorded at the Montpellier 
greenhouse because of the stable climate (no temperature 
fluctuations or insect attacks) in the greenhouse and a 
substrate rich in mineral elements that allowed the seedlings 
to develop well and flourish. Morphological parameters 
were moderately poor in Korhogo due to the unstable dry 
tropical climate and abundant attacks by larvae. Studies by 
Salazar and Quesada (1987), Dianda and Chalifour (2002), 
Maranz and Wiesman (2003), Soloviev et al. (2004) have 
already shown the effect of the original climate or climatic 
zone, soil, mother trees and soil poverty on the germination, 
growth and morphological development of several plant 
species. The results obtained by N'golo et al. (2018) 
contradict ours, as they indicate that at two weeks, the 
number of leaves was six, the average height of the 
seedlings was 7.5 cm and the diameter was | mm, and three 
months later the seedlings reached a diameter of 5 mm with 
an average height of 40 cm. In the first results of SODEFOR 
research on Pterocarpus erinaceus, Adou et al. (2013) 
reported average plantlet heights of 4.5 cm and 5.4 cm in, 
respectively, three weeks and one month. Using five growth 
accelerators on a legume (Parkia biglobosa) of the same 
family (Fabaceae) as Pterocapus erinaceus in Benin at 140 
days, Gnanglé et al. (2010) reported an average seedling 
height of 26.3 cm, an average diameter of 6.6 mm with an 
average of 8.5 leaves. On the other hand, in Niger, Amani 
et al. (2015), reported heights ranging from 7.71 cm to 25.8 
cm with diameters ranging from 2.68 mm to 3.22 mm in 
four families of Combretaceae. 


Analysis of variance showed that there was no significant 
difference from one seed tree to another for morphological 
parameters, and only the number of leaves and leaf length 
differed from one seed tree to another. However, the site 
only influenced the height of seedlings and the length of 
internodes. The climatic conditions of the site affected 
seedling length. The more favourable the conditions (rich 
soil and humid tropical climate), the vigor and larger the 
seedling (Montpellier and Daloa sites). This fact was 
confirmed by the principal component analysis, which 
indicated that in Montpellier and Daloa sites, seedling 
heights, collar diameters, leaf counts and internode lengths 
were higher than those observed in Korhogo. 


V. CONCLUSION 


This study found that a long shelf life of Pterocarpus 
erinaceus seed at room temperature had a negative effect on 
the performance and germination of dehulled seeds. The 
study also showed that the germinative expression was 
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basically the same from one seed tree to another and that 
only the site significantly influenced the germination 
expression through the climate and the type of soil. 
Correlations showed that the higher the germination rate, 
the shorter the waiting time, the shorter the germination 
delay, the slower the germination speed and the shorter the 
germination duration. The study also showed that a stable 
(greenhouse), healthy climate (with no larval attacks), rich 
soil and a humid tropical climate are essential for the 
harmonious development of Pterocarpus erinaceus 
seedlings, as the height, diameter, number of leaves and 
length of internodes are higher. The seedlings 
morphological parameters were almost identical from one 
seed tree to another (p > 0.05), while the site significantly 
influenced the height and length of the seedling internodes 
(p < 0.05). Principal component analysis showed that the 
Montpellier greenhouse and the Daloa site are favorable 
because they resulted in greater heights, collar diameters, 
leaf counts and internode lengths than the Korhogo site. 
these results can be a decision-making guide for the 
artificial regeneration of Pterocarpus erinaceus stands, for 
the establishment of permanent plots within the framework 
of reforestation or agroforestry programmes based on this 
species from a nursery. They are a useful source of 
information for nurserymen and for the sustainable 
management of Pterocarpus erinaceus forest populations in 
Céte d'Ivoire and the West African sub-region. 
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